Tethered spinal cord is the most common anatomic deformity which is usually diagnosed in childhood. This study aimed to describe the different anatomo-radiological patterns of the tethered spinal cord with lipoma.
Introduction
ethered spinal cord with lipoma, also called spinal lipoma, belongs to occult dysraphism group. Its prevalence has been reported between 4.7% and 16% of all neural tube defects [1] . The epidemiological profile may be underestimated because some of them remain asymptomatic [2] .
In the absence of these dermatological markers, the diagnosis is challenging but it may be suggested through vesico-sphincteric and or neuro-orthopedic dysfunction. MRI is the gold standard to study the critical relationship between the lipoma and the neural structure and describe the different anatomo-radiological patterns, second to assess the degree of the cord fixation. In addition, it allows good surgical planning for safe removal of the lesion of the tethered spinal cord with lipoma.
Methods & Materials/ Patients
We conducted a retrospective and descriptive study at the Department of Neurosurgery of General Grand Yoff Hospital and the Neurosurgical Clinic at Fann University Hospital of Dakar, Senegal. Out of all patients operated on for dysraphism from July 2007 to January 2011 (n=62), those with myelomeningocele were excluded and only patients with spinal lipoma were included in the study. Finally, 8 patients with tethered spinal cord associated with lipoma underwent surgery. As this study used all of the eligible statistical population, sampling was not applicable. Clinical assessment and neuroimaging were carried out for all subjects using spinal cord ultrasound, spinal X-rays, CT, and MRI, and finally, the surgical findings were also analyzed. The demographic characteristics and different anatomo-clinical and radiological patterns were identified; we reviewed the literature and used modified Chapman classification to assess the degree of intermingling of the lipoma with the spinal cord and roots [1] .
Results
Our study included 7 (87.5%) infants with a mean age of 15 months and an adult (12.5%) aged 30 years old. The male/female ratio was 0.6. Clinically, lumbosacral skin abnormalities like subcutaneous lipoma were pres-
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Highlights
• Median lumbar sacral dermatologic markers in childhood and infancy are highly suggestive of the tethered spinal cord with lipoma.
• It is difficult to assess the natural history of the malformation regarding the risk of vesical sphincterian and neuroorthopedic deterioration.
• MRI has remained the gold standard diagnostic tool but it is still difficult to clearly define the demarcation line between lipoma and neural structure.
• It is hazardous to try to completely remove the lipoma rather it is better to leave a remnant of lipoma stuck to the neural placodes.
Plain Language Summary
In this article, we report our experience on the management of tethered spinal cord with lipoma that is usually stuck to the distal part of the spinal cord, though during the process of the growth a progressive stretching phenomenon occurs. The deleterious consequence is progressive suffering of the spinal cord with deterioration of lower limb function and sphincter disturbance. The goal of the operation is to untether the cord. This study was conducted at a University hospital in Dakar, Senegal. During 4 years, 8 patients with spinal cord lipoma underwent surgery. All patients were symptomatic and their diagnosis was confirmed with spinal cord ultrasound, CT scan, or MRI. But MRI is the gold standard diagnostic tool. However, it is only during operation that you can definitely know the type of attachment between lipoma and the cord. To avoid traumatizing neural structure during surgery, we recommend to leave a remnant of lipoma stuck to the spinal cord and to realize a watertight closure. Postoperative follow-up was good for 5 cases and unsatisfactory in 3 cases with persistent sensory-motor disorders. ent in 7 (87.5%) patients. One patient had a subcutaneous lipoma and an adjacent midline dimple and in the others, the lipoma was associated with caudal appendage and skin spots. Orthopedic deformities were noted in 5 (62.5%) patients. In particular, a clubfoot was found in 4 cases and scoliosis in one case. The motor deficit was observed in 2 (25%) patients, with one case of paraplegia and one case of para-paresis.
The sensory deficit was present in one (12.5%) case. Sphincter disorders were reported in 2 (25%) patients. The lumbar spine plain X-ray was performed only for one (12.5%) patient. Dorso-lumbar scoliosis, dehiscence of the posterior arches of the L1, L2, and L3 spinous processes, and spinal canal widening and scalloping were observed, too ( Figure 1 ). Spinal cord ultrasound was performed for 2 (25%) patients aged 45 days and 5 months, and a low position at L5 of the conus medullaris and a subcutaneous lipoma connected to neural structures were found (Figure 2 ).
The Computed Tomography (CT) of the lumbar spine was performed for 2 patients which indicated dehiscence of the posterior vertebral arches. Lipoma was associated with presacral anterior meningocele in one case (Figure 3 ). CT findings confirmed the association with lumbar scoliosis in another case. MRI was performed for 4 patients and resulted in one case of filum terminale lipoma (Figure 4 ) and 3 cases of conus medullaris lipoma.
The tethered spinal cord was noted in all patients with low-lying conus medullaris. The level of insertion in 3 cases was L5 and in one case L4. Dehiscence of posterior lumbar and or sacral arches was found in 4 cases and scalloping of the posterior wall of L5 in one case. A combination of a conus medullaris lipoma and a retrocerebellar arachnoid cyst was found in one case (Figure 5 ). All patients underwent surgery which revealed 7 cases of conus medullaris lipoma and one case of filum terminale. According to surgical findings and Chapman modified classification [3] in the group of the conus medullaris lipoma, we described 4 cases of dorsal form, 2 cases of transitional, and 1 case of complex form. Postoperative follow-up was good in 5 cases and unsatisfactory in 3 cases with persistent sensory-motor disorders. 
Discussion
Spinal dysraphism is due to perturbation of the embryological development of the caudal neural tube and the surrounding tissues [2, 3] . Regarding the spinal lipoma, several pathophysiological hypotheses have been presented, for example, it is a neurulation disorder, a defect of induction occurring after the phenomena of neurulation. Or it could be a post-neurulation disorder related to caudal pole abnormalities [4] . Spinal lipoma has remained a rare disease. We had recorded 2.28 cases per year in our study.
In France, the incidence is estimated to be 70 new cases per year [4] . In fact, the frequency of spinal lipoma has remained uncertain because the number of asymptomatic patients is unknown. Most often, the diagnosis is easily made at birth in the setting of lumbosacral cutaneous abnormalities. In our cases, the diagnosis was made essentially in infancy based on the diagnostic criteria described in the literature [5, 6] .
In one of our patients, the diagnosis was made during adulthood (30 years of age) because of the late onset of vesico-sphincter dysfunction. The pathogenesis of these delayed symptoms may be because of the fact that during body growth a slow process of stretching occurs on the conus medullaris due to its fixation [5] . However, some patients remain asymptomatic during all their life. The clinical presentation comprises a symptomatic triad; a cutaneous marker like subcutaneous lump sometimes with a dimple or caudal appendicular, neuro-orthopedic deformities, and vesico-sphincteric dysfunction which is characteristic of spinal lipoma. However, in the absence of medio-lumbar skin signs, the diagnosis is more difficult and often delayed. The disease manifests itself by the progressive appearance of a vesico-sphincteric and or neuro-orthopedic dysfunction [7, 8] .
Neuroimaging plays an important role in the complete investigation of this occult dysraphism. Antenatal diagnosis of the tethered spinal cord with lipoma can be made by ultrasound examination [9] . Spinal cord ultrasound provides the relevant information on newborns' spinal cord and on infants less than 2 months [2] . In our study, the imaging was performed on two infants and provided very accurate information on the dehiscence of the posterior arch, suggesting the low-lying cord at L5.
X-ray images of the lumbosacral spine confirmed the dehiscence of posterior lumbar and or sacral vertebral arches [5, 9] . Other vertebral bone deformities and anomalies of the spine may be found, too. However, it does not detect lipoma and spinal cord lesions. All in all, it is a good diagnostic tool in any patient with suspicion of occult dysraphism. In our series, the standard X-ray showed dehiscence of the posterior arches. According to some studies [5, 6, 10] , radiography along with myelography is an essential step for the diagnosis of spinal lipoma. Currently, myelography is practically abandoned in the diagnosis of spinal lipoma because of its invasiveness. When it is performed, the myelography shows an enlargement of the dural sheath facing the vertebral bodies where the lesion is located [10] .
Spinal cord ultrasound provides the relevant information on newborns' spinal cord and on infants less than 2 months [4] . In our series, it was possible to specify the insertion of the conus medullaris at L5, to describe the anatomical pattern of the lipoma and to detect dehiscence of the lumbar posterior vertebral arches. Antenatal diagnosis of the tethered spinal cord with lipoma could be made by ultrasound examination [11] .
CT of the lumbosacral spine remains interesting in the absence of MRI. The lipoma appears at CT as a low-density lesion like an additional image in the vertebral canal [10] . CT can be combined with intrathecal injection of contrast to better visualize the nerve roots in the arachnoid spaces in a preoperative assessment. CT is particularly important in the evaluation of bone deformities. In our study, 2 patients underwent CT evaluation, and in one of them, the posterior lipomyelomeningocele was comorbid with anterior meningocele, which could raise the possibility of an aborted Currarino syndrome because no anal imperforation was found. Currently, CT scan has been replaced by MRI in the diagnostic evaluation of occult spinal dysraphism [12] because it does not allow studying the relationships between the conus and the lipoma.
MRI is considered as a gold standard in the diagnosis of the tethered spinal cord. It shows the existence of intra-or extra-dural lipoma and its anatomical connections [2, 13, 14] . The lipoma appears at T1 sequence as a spontaneously hyperintense structure, isointense signal to the subcutaneous fat in T1 as in T2. The postcontrast injection sequences are of no interest because there is no modification of the signal [10] . The importance of MRI should be emphasized.
Based on Chapman's classification, there are three anatomic patterns of conus medullaris lipoma: dorsal form, caudal form, and transitional form. Pang has described the fourth form, so-called "chaotic" form where the lipoma has engulfed all the neural structures and it is harder to differentiate between lipoma, spinal cord, and roots [15] . Neuroimaging studies along with surgical findings, lead us to describe the 7 cases of lipomyelomeningocele intra-and extra-dural with precisely 4 dorsal forms, 2 caudal forms and 2 chaotic forms. Only one filum terminale lipoma was found.
To our experience, it is difficult to predict the preoperative and accurate outcome based only on MRI findings as well as the type of attachment of the lipoma to the cord interface and dorsal root entry, which means further investigation needs to be done in this regard. Indications for operation are still controversial, but because of no neurophysiological monitoring during operation, we choose the safe option of subtotal resection of the lipoma and reconstruction of the different layers. In fact, operation stops the progressive deterioration instead of curing the disease.
Conclusion
Tethered spinal cord with lipoma is not common. It is often discovered through clinical signs. Imaging techniques play a fundamental role in such conditions. MRI is the key examination strategy to confirm the diagnosis and study the relationship between lipoma and conus medullaris. X-ray and CT scan are mainly used to study the associated bone malformations.
Complete removal of lipoma is dangerous because it could lead to severe neural structure damage thus it is better to leave in place a remnant of lipoma in the proximity of the roots and cord than to remove the whole lipoma, also to untether the caudal pole and make a tight dura mater closure without compression of neural structures.
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